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(57) Abstract: An industrial process for producing hydroxyaldehydes efficiently, which solves the problems of conventional DERA, 
e.g., low stability to aldehydes, low catalytic activity for aldol condensation, and uncontrollableness in the number of condensed 
acetaldehyde molecules. According to the process, aldol condensation of a substituted or unsubstituted aliphatic aldehyde having 2 
^5 to 6 carbon atoms with acetaldehyde is conducted by use of D-2-deoxyribose 5-phosphate aldolase which has high catalytic activity 
00 for aldol condensation and is highly stable to aldehydes, whereby a hydroxyaldehyde having a number of carbon atoms increased 
by two or four can be produced. 
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[oooi] ^mmit. fcmm$2fab6<Dm&tttemm&<vmffiMT/^twk&mzMu 

[0002] D-2-7^=¥vW— ^-5-y^^T/VK7— if (EC4. 1. 2. 4) (i^T^ rDERAj^Bg- 

[0003] El 1 ^LfcKJ^P^r^-^tf) £5 ^ ffi^ ©T/l^tKtT-fehT/VT* fcK©77V'K— 

^#^3^ bi>m&£tiX\ >S 0 ^»l^2^»TirhT/kT f tK^T/vK-/V«&^ 
#^£tirCV ^ (##f^i^2^#Mo ) o 

[0004] U6>U ^Jfe^n^tvrv ^DERAfU;3_B£tf> <£>T/v^fcK^*H-3?£tt 
fi.^^^Sa^fe^^yir/VT/^tK-S-y^^TirhT/^tK^^^^b^ 

KSJ»*^^bT?^^^Pfi^J^^,DERA^T/V^tK^iSPlW^{tS'^ 
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Blj|-3-tKn^->c/^T^7 f tK t t j ra#:^Si"5x 2, 4, 6-hy^h^^y 
U~150U/mmol<kV^t^ffl*-eHife^-CV^ o ^MSI^ T±hTsVft}?&lft 

[0005] DERAiCiST/VK— /V*t^SJ^CD^5t>^0(D^S«, Jfig^i-ST-fehT/^tK 

[0006] ^^teCOift V ^DERA^V &#&&WTtt/<>{9J>> ' <<Asz=--y9?* (Aer 

opyrum pernix) S^KHftttDERA^^R^^bTV^ (#fF^CS^4^#Mo )o - 

^^4^^e^v^^:^:^s^R#$^^TV^5(^f^JtiK8^#fl8„ ) 0 ^roisa^fc, ^ 

h^f •"vy^^"^(Thermotoga. maritima) ^ ^ — — (Thermus t 
hennophnus))feW0fH4ISft*DERA^«^$tt , rv>53&^ ^bfe^fH^IS ft 

[0007] —%&mz.&mvm&3mmi*. ^(D^wu&u^&x^mnmm^^^xm 

5Stf*&9 , 0fSftttH ft *DERA^fiJffi -T^r flfctfj fcl fc< v ^bXhZo 
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[0009] *»Hffe|4, T/V^K^L^tt^iftC ^o7/VK-/H^©«lStt^ 
iUV\ DERA^fiiL/c 0 ^(D^, jS0HW4IS^— ^E-b— ^f-^y^^(The 
rmotoga maritima) ft^, ^TJ^^^^^^&'T-^tz ~74 (Pyrobaculam a 
erophilum) E&5fc£>DERA#\ T/^fcK^i-^^tt^^b<j^v^^^t±lL 
fc 0 5c^O^®-efe^^yir/kT/V^tK-3-y^^^T-fehT/V^tK^*J-r§2 
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/Or^LyJ*. • T^n~7^yJ^ (Pyrobaculum 

aerophilum) S^DERA^V>T{*, lft^<DT^YT/V s r\i\?1$T;VY~- /WKN^L 

[0010] ^eh— ^f-^U^^(Thermotoga maritima) ^t^V^P^^^-A • T^n:7 
-f^A (Pyrobaculam aerophilum) tdoV^T^, ^V^ff $g^-f-e^^^$^T5o 
«9 (Nature, 

vol.399, pp. 323-329(1999), Proc. Natl. Acad. Sci. U.S.A. vol.9 
9 pp. 984-989(2002)), Z*lb<Dftm&mz±BW&teVERAb<Dfaft&i>*b 

rttM^tt«**DERA^oV^T(D|¥»#^$ttT^fe-f. #3BBI§ 

*DERA(D^)^^oV>TU]*T^fiEb, W^^L7c^CD-e£>5 0 
[0011] fip*>.*|SWtt, 

[1] 100mM(D^ticiT-fehT/^tK^-a-^'i-^7KjlKf*4 I , 25°C-e305^#LJSL 
fc#(Da#^tt^50%^_h-efc^D-2-7 s ^dr^y#— ^-S-y^fifeTM^— if© 
#&T, ^*m^2^^6(Dmm^c^teg^J3|^ T/ v^tK^^^l^^ 
TirhT/V^tK^T/VK-/V|f^JS$^.^^m^2^PL^tKndr^T/^ 

[2] 100mM(D^nnTirhT/VT f tK^'a-Wi-S^^ft:^, 25 < C-C30#Hd#ySL 
7tm^a#^tt^50%J^_h-efe§D-2-^drv^y^— X-5-V>mTW?—V (* 

teg^jjgj^^x/v^fcHb^^i:2^^^T-fehT/v^fcKSrT/VK— /Hf-S^RfS 
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[0012] ^mm^xtn-f. T/uT^Ktt^mmm<. ^T/w-^m-^-mm^ 

[0013] [El l]DERAf£j;£^^T/VK— (Sequential aldol reactions catalyzed by 
DERA) <DM^&^1rm-CfoZ>o 

[0014] lOOmM^^nnTirhT/V-xtK^^i-^TK^^fp, 25°C-e30^5Q#iSWt ; i: 

Km V ^^§DERA(D0jg^pH^^^$tL^llOOmM(D$l 

T ;VY—;vm^m^^otzM^(r) , P-3-tKP^>:^/l-T/V^fcK&.tJ ? 6 

[0015] ^fSK t-ffiV ^;fx5DERACD?&'|4te:, 25°C(:l^-f^ ^fc«9 1 ju molcDD^-T^df 
iii^lU^i§tl§o D-2-^dr^y#-^-5-y^(D^^J:oT^C§D 
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^m^mmu ^ti^v^-7^-3-v^mm,7Kmmmx^^t'm<DNAuu ( 

[0016] Jf.$&m ^*5V ^Xm\ ^tvSDERAte, JifEcDlOOmM^^ntiTirhT/V^tK^ 

[0017] IS?IJ#^-1 t^-rT^y^ge^J^-rSDERA^, 0B&f^ 

-e-f^n^--^f^X^X (Japan Collection of Microorganisms (JCM))^fe 
A^-e#^f— ^eh— Jf-^VT^ aCM#^-10099) XV^hfrlZo M^m^rl 

xh^\ 

[0018] E^m^2^irr^/mnm^ir^TDKRA^ MZ.lt, ]CM^hA^X^^< 

smmm^ *mmz&bfr%®m*m&£tix\,^mi£&;^x^ ge?ij#^-2^ 
-tT*;mm\(D i&v ^wtB^T^/wtfttK^ -£tii-zm<DT*ywt^mz.mMt5n 

[0019] ^(D^^^^t/itfS^X^^^j;^, itrfEcDDERAM'fS^ilK 
O^^^^Ab/c^^-*am^.0t>^MODERA^JabTV>§^^^^^ 
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^t2^(Dtrp^°n^e— ? — j^^n^Dlac^n^e— ^ — 

^e— (gnt) -TVl^/y^o^T— irVn^e— (apr) • tptfe/tr^T— irW^e 
— ^— (npr) • a -T5^— irVn^e— ^— (amy)^^if *fc, tac^^e 

m<Dm±\H^mmir^mmxhri^m^m^n^(Dxw^\ t-t^^ i6sy 

tLXti. ^mM^X(D&mmk^m?mmt^X\^v>BR322, pUC18, Blue 
script 

II SK( + ), pKK223-3, pSClOl, pET15b (Novagen|±M) tt^®^-e 
Og^MRTf^J^WbTV^pUBllO, pTZ4, pC194 N p 11, 0 1, 0 105 

BTf^^^°^^K<Z)f?tJ^bT, pHV14, TRp7, YEp7&0«pBS7^<^— ^LTf lj 

[DE3]^ (NovagenttM) <D^J§0(Escherichia 

com$ftmmtL,xmtfbtiz>i)\ t<K±mmKm^ti^><Dh(Dx^<^m 

(Bacillus subtilis)^(ZV^/K*JSB, ^#^^^0^OftH<^^^^^^'a-*tV§ 

o 

[0020] mte^-mMZ-<7)^mz.m^Xfe, Molecular Cloning, A laborato 

ry manual, second edition, Cold 

Spring Harbor Laboratory Press (1989) ^^fEtt^ttTV^^^t^CTft^ 
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[0021] lOOmM^uuT^hT/^^^^ir^m^. 25°C-e30^^^Sbf'#(D 

Effort) 

[0022] ^m^^2^^6(D^^^#mm^IiJte^T/^tKft^^*5it§^*m 

[0023] ^mm^2^^6(Dgm^«#«^IIJte*T/^tHb^^LT«, ^Jx.^ 
, -^(1), -^(2)*fc{i-^(3)-e^tt^^^ t f^^o 

, ^^tLt-^-r^.-^ (4) , (5) (6) -e^ti%fc&m$ 
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[0024] Mbl] 
[0025] [>fb2] 



[0026] Mb3] 



[0027] DfM 



[0028] Wb5] 



,CHO 
(1) 




CHO 




CHO 



(3) 




CHO 




CHO 



(5) 
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[0029] Wb6] 




OH 

(7) 

[0031] — ffi&ZWX^tlZfc&mtVXfe, TirhT/V^tK, ^mT^hT/V^iK ?V 

m^mmzm.ti%&mz&miz.®imistiz>o ^ur^br/^rw-Mu r^b 
/vf\ib\ 4yzf^-/ur/u^f\ib^mmxt^o -^wx^nzik&mtv 

[0032] -^(1) , —^(2)^t^—m^(3)Xm^tl^t^mKMiT^ TWTAs? 

MY<DitTh^/v-mt, o. 5^e/v^ij^_h3. o^/v^m%k\H<D^mxWt'&irZ><D 
mrMx&Zo ?vinT-tbT/V7*mz.MU r^br^T^v^i^r^w 
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t\?&-&)$1r%~tfrX%Z> 0 
[0033] *fc, ^nnTirhT/V^tK^U TirhT/V^tK^2^^T/VK— /Mf^-ltT 
s 6-^nn-2, 4, ^^mrr^m^, ^nnT-fehT/V^fcK^ 

K — /l^tl^^S^tt^rSiV ^DERASrfflV^ttf^N iR«<6-^nn-2, 4, 



[0034] mm(DR^\cm^^ti^DKRA(Dmmm^T<Dmmxm&ti^o r±hr/p 

(1) . (2) *fctt— JKS; (3) -e^^^T/V^tHb^irTirhT/^t 

K<Z)-^ff^/V#C^^fL, DERA^rO. lU/mmol^±80U/mmolJ^T<^§ ^XM 

[0035] T-fehT/V^tK^2^T/vK— 3-5-v ? fcKn^i/T/l^fcK£' 

„ DERA^O. lU/mmolJ^Jil20U/mmol^T^#J'^"e*PX.SJ^$-fr ; 5-^/5 s 

[0036] ttfiEco^^^TOpH^H, zcfoum^ ^m^^xDHRmm^m^xm-aim 
m%giflr&m$iirti\t£\,\ m*.t£. Rf^m<DpHnmn. ^u<{i P H4~i2. $ 

h25°c<Dmmx&% 0 

[0037] Sjs^ili-5^ra«SW^^i|R^^^^<5fe5J;5^^i-n«<tv> 0 
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[oo38] mmmKx^mm^hKMci^mmmir^K ^mm^ti^mmm 

mmm i 

[0039] ^eh— #'^y-7^ft5fcDERA(DH®l 

W^t^V^V, 0. 5g KH PO , 15. 0ml 

2 4 

^JP5^/HR(^#;*ai&fc«9, 1. 5g Nitrilotriacetic acid, 3. Og MgSO -7H 

4 

O, 0. 5g 

2 

MnSO -xH O, 1. Og NaCl, 0. lg FeSO -7H O, 0. lg 

4 2 4 2 

CoSO -7H O, 0. lg ZnSO -7H (X 0. Olg CuSO -5H O, 0. Olg 

4 2 4 2 4 2 

AlK(SO ) , 0. Olg HBO, 0. Olg Na MoO -2H O^MiL, ^TNitrilo 

4 2 3 3 2 4 2 

triacetic 

acid^^bKOHf31J;f9pH^6. SlZMW^K.^ BXXD^y/V^Ml^X, pH7. 
0lZ.mMVtl^9M&) , 2. Omg NiCl -H O, 20. Og 

2 2 

NaCU 0. 5g Bacto yeast extract (DifcottlSIK 1. Omg Resazuriru 0. 5g Na 
S-9H 250ml 

2 

AX^^(^®^llfcfc<9^27. 7g NaCU 7. Og MgSO -7H 5. 5g MgCl • 

4 2 2 

6H 0. 65g 

2 

KCU 0. lg NaBi\ 30. Omg H BO , 15. Omg SrCl -6H O, 10. Omg 

3 3 ^22 

Citric acid. 0. 05mg KI. 2. 25g CaCl -H OSrjgft? Vtd&J$fflO . M^fc 750 

2 2 

mHDMffcyn*^ Na S-9H OSr^<|i^4fcSr?ft^bpHSrH SO K£V6. 

2 2 2 4 

« 0 i*#H^TT7^-Ilia^)iiftt5 0 5%]§»iLtNa S-9H O 

2 2 

Sr*fUU ^#ffl^T-e^ra«(121°C, 20#Ha)1-5 o tt^fu^ SfLfcN 
a S-9H ^5f^jSC-CpHSr6. 5fcf|JH"5o )SrJBV\fco {£#®tt(JC 

2 2 

m#^-ioo99)^, jasrau mmmmzxvffi&gkifr&m&Lte&b. so°c-?\ 24 
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% 

NaCl-eft0^tofc o MfcMMA2g,<DWfc&8ml<DTEMWw(10mM Tris-HC 
l(pH7. 5), ImM EDTA) KMML-fCo ^<DMMM"felOmg/ml 
Lysozyme^^2mU lOmg/ml RNase^M 100 n V&M7L37°C£\ 30ftT^> 
^r^.^— ly^y\JzM, 20mg/ml Proteinase K^t-^50 n l^Di, 10^1£, 30m 
g/ ml 

N-Lauroylsarcosine Na}§^ lml^Px.T, $ib^45^PBl^3r3.-<— >3^Lfc 

>^gi(7ooog, i5^r^)bT, 7Ks^5iLf' 0 m^wfe*%b-mmmj-zmc 

, PCl(7K¥»^y-/k:CI=l:l)^a^CI^a^lRlil^2[lI#«93Mb^ 0 ££>^ 
2[UCI#] ; JSUcgL 0. 1{§A<D3M 

^gi^hy^i^p^Tif #u ^*(D^y^n^v-/^px.TS<m#bfc 0 fftn 

LfcDNA^V^^— ^-e#^^*9, 70%^/— TE 
^« 

500 Hc^i"^^^ iJ— ^Eh— #Wy^^|fefe#:DNA£#fc 0 
[0040] [2] If— ^h— ^Wy^^DERAJt^O^n— |J?DERA£|£JS 

^-^h-#Wy^^J£^#:DNA£i#M£U IS^J#^-3^t^WiJ#^-4^fE« 

(D^-^eh-^f • ft 5f5DERAjtfs^^ti>DNA8ff K?tWz. 0 #^>tvfcD 

NAilf^^. T&IJIW^Ndel, BamHI^ffll^TMSU ^)C<NdeE BamHI^ffiV^ 
T^SLfcmiK<^?l/^^~pET15b (Novagen*±S) K94^—>a^ir^t 
K XV , V—^h—Jf • -rVT>r? ft ^DERA^5a^7^5KpETl 5b-TMl 5593r# 
fc 0 ' ©M7"7^MV >T^fl§0BL21 [DE3]« (NovagenttM) ^W.W&k 
U 17— =E*— # • -^y^-r ft *DERA^i§J|.1-3^I®$cBL2 1 [DE3] /pETl 
5b-TM1559^#fc 0 
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[0041] [3] ffiMx-jcMMfabv-y— ^eh— # - -r y^-rv ft j^dera© M 

$BM%_Jz8kWWBL21 [DE3]/pET15b-TM1559f3\ 50 ix g/mlTi'fcfVJJ^Sr 

^t?SB(lLtfJ, hy^h^ 12g, 24g, ^y-fen— /V 

5mU K HPO 12. 5g, KH PO 3. 8g) Jgiffi 100ml t#fL, 37°C-C, OD = 

2 4 2 4 660 

^rjf^h^/^i&tox.. £bK3mmmm\stc 0 ^tuTt, 3&^itt(5ooog 

10#ffi) K£<9, IIU 0. 85% NaCl^«^\ ftfU S0#:Ki^9{§ft(DlO 
mM Tris-HCl(pH7. 5)M«M^£-fr, Mif iS'fr#«lU -hf*£r 

Trap affinity columns (Pharmacia Biotech^M) ) 0. 5M NaCl, 10mM 
4^V*— /V^-a"ti'10mMTris-HCl(pH7. 5)^j$rC, ¥18rfkUh^ i»JS 
i©^»S&f^|iLfcW»^||^, -f^V-/HKS£0. 1M, 0. 
2M. 0. 3M. 0. 4M, 0. 5M£J£|^J^_h#£-tfrC , ISttH^lHlilXL/Co -5b"C 
#£>*bfcU— =eh— # • ^y 7V-v ft ^DERA(DMS^SDS-PAGE^T5>ff 
— i-ffi$^;fxTV^::^#l&Uc 0 ^fc^o^fiJCftte, Bio-Rad 
Protein Assays h (Bio-Rad|±M) ^ffl V ^T^*bfc c 

[0042] /^ti/^df-^^ A • T^ti^^^i^ ft} 5f5DERA<DflM 

/^a/^^^A-T^^^^cDfg#«aCM215ft±fe(^T^I^M^b*6i- 0 1 
25ml MWt^/&1$M7kWi&m(47. 15g NaCl, 18. lOg MgCl -6H O, 7. 

2 2 

Og 

MgSO -7H O, 3. 13g CaCl «2H O, 3.24g Na SO , 0. lg 

4 2 2 2 2 4 

Na CO N 0. lg NaBr, 80. Omg KBr, 72. Omg SrCl -6H O, 52. Omg 

2 3 2 2 

H BO , 8. lmg Na HPO , 2. 4mg NaF, 0. 4mg 

3 3 2 4 

Sodium silicate, 0. 05mg ¥3.&l\(DM^M^f&\^tMWd , 10. 0ml 

y/^W.iM^y^ll'htzJO^ 1. 5g Nitrilotriacetic 

acid, 3. Og MgSO -7H O, 0. 5g MnSO -xH O, 1. Og 
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NaCU 0. lg FeSO -7H O, 0. lg CoSO -7H O, 0. lg ZnSO -7H O, 0. 0 

4 2 4 2 4 2 

lg CuSO -5H CX 0. Olg AlK(SO ) , 0. Olg 

4 2 " 4 2 

H BO „ 0. Olg Na MoO -2H O&ft&ffctl^ Nitrilotriacetic 

3 3 2 4 2 

acid^^LKOH^J;«9pH?r6. 5\ZMW^t^, ^(D^^y/V&ffiMJX^ pH7. 
OKMMl^X^-y^W ^ 2. Omg Fe(NH ) -6H O, 0. 25g 

4 2 2 

NH CI. 2. Omg (NH ) Ni(SO ) -6H O, 0. lmg 

4 4 2 4 2 2 

Na SeO „ 0. lmg NaWO -2H O, 2. 2g NaHCO „ 0. 07g 

2 4 ' 4 2 3 

KH PO , 0. 5g Bacto yeast extract (Difco^fc®*) „ 1. Og NaS O -5H O, 86 

2 4 ' 2 3 2 

5. 0ml<D^#*£r$&a-i§ft?U IN H SO -CpH&7. OlCfBgH. 7>r^-«jfl 

2 4 

m j^aanut, • — ii^stf • mm<Dm&tt:&8o ■. 20 : i©«©m^#bm 

0 ^^ci/^^A-T^ti^^^-fe#:DNA^, {£#0$c (JCMi#-5§-9630) <£«9^l 

A5tlS^-^tpDNAiffK"^#fc 0 /^n^^A • T«:7^ A ft jfcDERAitfc 

H^ODNAgB^J^LTV >3 0 
[0043] #e>tVfcDNA8ff^^, 0JIW*Ndel\ BamHl3rfflV>T#yfflU |WIC<Ndel\ Bam 
Hl^rffl V ^xmmvfc Wmcomm,^^— pETI 5b fc9>f VaV-fS^fc m £<9 , 
/<^v;<.*rzL7J>> • 7xP7^f7^ ft jfcDERAlSii^^KpETl 5b-PAE 1231 £r# 
/Co r(D^m^^K^fflV^^0BL21[DE3]4*^®temU ^P'**^ 
^•T^i37^Aft5feDERA|§^^:J®0t^BL21[DE3]/pET15b-PAE1231$r 

[0044] ffi#x.^CflI0$cBL2 1 [DE3] /pETI 5b-PAE 123 lj^£><ZV-S-f ■ T^- 

o 

[0045] immmu ±mM&MvERA(Dmm 
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T^V^J^'^-i^''^^^^— • =3 l^i^a^ (American type culture collection (A 
TCC) ) frbA^X^Z>±mWW31 10 (ATCC#^-27325) J##0f*J:«9 , H»!jl 
^lll#(O^^^Mb^^§0^fe#:DNA^M^L,ia^J#^7^t^ia^J#-^ 

JM * 5t5DERA3t^^Sr^tpDNA»f >H-«r#^Co £tf>*J»m * JfcDERAiHS^Sr 
"a-tPDNAir/i"^. ffllJM^fNdeP BamHI^fflV^ffiL, ^IXNdeP BamHI 
&m^X%±mVtlW%fc(D$£%L'<??—pRTl lb (Novagen|±M) f-^M^— ^3^1" 
Z>~tlZ.£<9, ^Si0S*DERA^^7^5KpETllb-DERA^#fc o ^(Z)^^ 
7^K£rfflV^^flI0BL21 [DE3]4*^«iffet&U S 5(5DERA3i§5M§ 

0^BL21 [DE3]/pETllb-DERA£#fc 0 mMx.±mm^^MMl<D^m^ 

^xmmmm&mmu m^zfcm(5o~7o%mnm&)xcDftm&, somM 

Tris-HCl(pH7. 5)MWm\Z.M$tL-f~o ^cOfig^^&r \ Phenyl 5PWj^tK^C2^ 
h^77^f- (My—M) l~OM S5t^-a-|>50mMTris-HCl(pH7. 5)11 

mm^mmmmmiKxmmu nhtitcm\±m^sDs-PAGK{zx^mu ± 
mmm^r>BRA^m-^mm^tix^^^t^mmvtc 0 m&WAit. Bio-Rad 

Protein Assay^h^ffll vr;£itU/c: 0 
[0046] U-2-T^^J^—^-5-V^m^m^COitm. 

miMM ixmhfit^— ^:Y— "?i>T>r? * sdera, mmimxmhntis<4ti 

^^^•T^^^^DERA, RZF S m^MlX^hfrltl±mW&MF>RR 
A<D25°CX<DU-2-^^iyV^-^-5-V>m^m^^M^t'o SteS^L 

yyy^^U rtt^yirti-/V-3-y^M7K*^m-e^$^c^^)NAD 

[0047] lml<^tt$"J;©t(50mM hym^y— /VT^-HCl (pH7. 5), 0. 5mM D-2- 

^=3rv-y^— ^-5-y^. 3. 9u hy^— ^y^-fyy^— if (sigma|±$d ^ n 
u 

yy-feti— /V-3-y^^J^xK^^^(SIGMAttM) ^ 0. 12mM NADH, Mfe 
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25°C-C1^^^^:'91 ix moKDNADH^^$^^*a^^L^: 0 NAD 
H(D340nm^*5(t^/VP^3t##:^6. 22mM" 1 cm" 1 i:Lfc 0 Z.<D&?\Z.\^Xm\l£ 
L/C, i^— ^eh— #Wy7V-^S3fcDERA, ^n^^^-T^n^^S^DE 
RA^.^IiBS^DERA(D25 0 C^itSlmgfefc<9^*?Stt(U) £r^l^ 

-To 

[0048] [Jll] 

*1 







It— h# 'TUT-f ^fc3feD ERA 


0. 5 8U 


/t-f pyt+a^A • 7XP7-f ^Afc3fcDERA 


0. 1 ou 


^MM^DERA 


6 1. 1 U 



[0049] ^nnT-fehT/V^tKft'ltofHffi 

If— ^eh— 13 ••^U^-^i5feDERA250 g£r, lOOmM^ynnTirhT/l^fcK 
^"a-mOOmM ^^-^^NaM«*(pH6. 5) tp^ftfU 25°C-e30^ 
5g{£fiUc:o ifciS.^ 100mM^^^J:5TirhT/^tK^^PL25 c C-e2B#^T/V 
K— /V^^^To/Co xt^EirLT, ^h-^f--^y^^ft^DERA250 J u 
g£, lOOmM^^nnTirhT/V-xtK^-a-tf lOOmM 

^^-^^NaMW-S(pH6. 5)tfn33g#?U 100mM^;5J;5T-trhT/V^ 
t L2 5°C-e2B#rHl T/VK— /Ht^SJ^ff o fc 0 ££j^«ULTRAFREE- 

mc^/v^- (MilliporettM) -?iii©L-C|&M fii-Sr^MJ&SrffiMtU HPLC 
^t-J:*9, ^brc4-^nn-3-tKndrv-^/VT/V-rtKi:6-^t2ti-2, 4, 6-hy 
T^^^y— ^SMLfco MMK<O x 4-^nci-3-t:Kndrv/^/kT/V'XtK 
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[0050] mt&K, ^n^^7A-T^n7^Aftjf5DERA250 J ug^ lOOmMO^nn 
T-fehT/V^tK^tflOOmM g^Bfe-g^fiftNa««?R(pH5. 5)f»fc:i8$?U 25°C 
-C30#|Rlifci&Ufco 100mM^^SJ:5TirhT/V-7 :? t:K^^PL25 o C-e2 

5^DERA250 n g^, lOOmMO^nnTirhT/V^tK^^tP lOOmM 
^-g^Na^M(pH5. 5)^^j?U lOOmM^^J^TirhT/l^tK^ 
^Pb25 0 Ctr2B#rHlT/VK— /V*t^SJS^fofc 0 £tj£»ULTRAFREE-MC:7^ 
/v^— (Millipore*±M) TiliiiL-ri&S fii-5^~eMJ££#ifcU HPLC^Wt-J: 

^^Lfc4-^nn-3-fcKndrv'^/VT/V^fcK^6-^nn-2, 4, 
^-^y— ^^feftbfc 0 4-^nn-3-tKo^^W/VftF106-^ 

[0051] IDlfe *:Ji§^&5feDERA250 jz g£. 100mM<^nnT^hT/l^fcK2r^tn 
OOmM Tris-HClM«*(pH7. 5) tpfcSSfclU 25°C^30^m^UVfc o 
100mM^^§J;5TirhT/VT ? tK^r»L25 o C^2R#rHlT/VK— /WRfrS'-RJCfc&fT 
ofc 0 ^J-^E^bT, /^n^dr^A-T^n^^AS5feDERA250 J ug^ lOOm 
M(D n Tir hT/V^t t? 1 OOmM 

Tris-HCli^ff^(pH7. 5)"£fc:*g$?U 100mMi^3J;5Ti?hT/l^tK^»I 
U25°C-e2B#r^T/VK^-/^li'^SJ^^fofc 0 KJ^^^ULTRAFREE-MCy-f/V 
(Millipore|±M) -effiigb-C^® &1~Z>Z.tX£ifc$:&ikU HPLC^f ^£«9 
, ^^b/c4-^nn-3-tKn d r^^/VT/V^t:K<k6-^nn-2, 4, 

-2, 4, 6-hVT^*i/^y-*<D^)&m&mmirZ), ^mm^mA^-tf^m 

[0052] ^eh— ^f--^y^^S5l5DEPvA, ^^n/^aL^-T^n^^S^DERA 

, ^I0S*DERA(D4-^nn-3-tKn^^^/VT/^tK^J:§^nnT 
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[0053] 4-^nn-3-tKti^i^f^/VTyV7 f th% 6-^n-2, 4, G-YVftt^^y—^ 
HPLC^i^bT, Develosil RPAQEOUS^^ (fflWl^BD ^£fflU 

[0054] [^2] 

*2 





* ppTHr hTVI^fc KWtt* (X) 


V— =E 1 — # • 7'Jf-f -7ft*D ERA 


1 3 3 


/WP/^i5A • 7I07-f7A**DERA 


98 


*Mft*DERA 


1 5 



MMM 5 

[0055] i^— ^h— ^f-^y^^S^DERA^iS^nnTirhT/^tK^TirhT/^tK 

If— ^eh— ^f--^U^^SjfeDERA400 J ug(0.23U)^ N lOOmM ^rc^^-^rc^ 
^Na^Rm(pH6. 5), 300mM T-fehT/l^rfcK, lOOmM 

o^Co SJ^IS^rULTRAFREE-MC^^/V^— (Milliporef±B) fib 
fcmz., HPLC^fflV>-C4-^nn-3-tKndr^^-/VT/V'T y t:K^6-^nn-2 ) 4, 6- 

T/V^tKC0^b^«95%-efeo^ 0 £fc, 6-^nn-2, 4, 

NMR, 13 C NMRMt, #fF^l, ##fF^:m2-eo#^^i6:-r^i^^« 
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[0056] /<^vs<^9J*-Ttt7j9J>>&teBERAfc£%?vvT^hT/l'y\i}?bT*tehT 

/^n/^^J^'T^ny^^MD^RA 400Mg(0. 04U)^, lOOmM 
g^^Na^WI^(pH5. 5), 300mM TirhT/V^tK. lOOmM 

iirfco KJ£^£rULTRAFREE-MC:7^7vy— (Millipore|±M) -CUIiigbl^ L 
fc^lC HPLC^fflV^T4-^^^-3-tK^^>^/^T/V'T ? tK^6-^^^-2 ) 4, 6- 

T/V7 f fcK©^b*tt93%'C*>ofeo 6-^oa-2, 4, 

ndr^^-/VT/V-r ? tKi:6-^nti-2 ) 4, 6-hy T^^y^ry— ^®^^WLfc 0 
NMR, 13 C NMRML, ftffJCWlL ffl$ftXm2T*<Dn&b&&1'ZZ.b&m& 
[0057] [#%#!|2] ^§0S5feDERA^i^ynnT-fehT/V-xtK^T-fehT7^tK»T 

^Cli0i5feDERA4OO J ug(24. 4U)&\ lOOmM Tris-HCl|l«?S(pH7. 5)£r 
, 300mM TirhT/l^tKO^jEfb^K lOOmM yvuT^YT/V^V 

m)<^m^h^^mimiKmij\iu 25°c\cx24mmRjt^^:fc 0 %nfcm&u 

LTRAFREE-MC^-f/Vy— (Millipore|±M) -CflfcELI&S ^ HPLC&- 

fflV^4-ynn-3-fcKn^yy^/iy^/^fcK£6-ynn-2, 4, 6-hy T^drv^^y 

sm4%-e&ofco 
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[0058] ^i3i3T-fehT/V'7 f fcKmT-fehT/V7 f fcKSrl4^f-T/WK— ^MLT4-^no-3-t 

/^n/^a7 A ■ Txn7^7A ft *DERA 400 /i g (O. 04U)&\ lOOmM 
-g^Na|lWIR(pH5. 5), lOOmM TirhT/V^fcR, lOOmM 

fCo SJ^^^ULTRAFREE-MC^^/V^— (Milliporef±M) "C^iiiL^S fiLfc 
HPLC^rfflV^T4-^nn-3-tKn^>^^-/VT/V-7 ? tK^6-^nn-2, 4, 6-MJ 

/V-xtK<Z)^b^«90%-e$?ofc 0 4-^nn-3-tKndr^^/VT/V-xtK(D 

NMR, 13 C NMRML, ##f^fifc2<D#^^fH-5^£#l&U 4-^nn-3- 

[0059] YLPLCK£Z>%;¥mmtt$r 

RfoW&, 4°C^^blO%7K^bi-by'7^7K^^j:«9pH9. OfcHlEUfc^ 

mi-5^#^3[ai^s9^L. ^^^/v«^^-frMj±T, mm^/^mm^ 

fc 0 #^fc»^^*(Dn— dr^:^/-/K50:50) ^^LHPLCe^ 
#fbfc 0 HPLC#9A£LT, CHIRALPAK AD-H #7A(^Vi?/Wb^(*±)M 
)^fflU^7^US40°Ct:\n-^=3fi^>':^y-/v(92. 5:7. 5)^§Ht»L 
T^WbfCo T^-fite, 10/zLT\ RI^^(0^3teM)^ffiV^m^fo^ 

mmms 
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[0060] ^eb— &-^VT>(^&MnERAiz.£&&m%W5MT/V^tVbT~tehT/V7*}i}? 

i^^—^Wy^^jkDERA 400^(0 .23U)^ lOOmM ^rc^-^ 
^mNaMWmipHQ. 5), lOOmM T±bT/P^b\ lOOmM 

[0061] ^j^^^ULTRAFREE-MC^-f (Milliporef±®D ^ffl V ^dijiiMffl^J;^ 

mm&vtcm^ mm?v*h?77^— (TLc)#*fftow, ^cfc^^h^j:«9# 

MUM : mm^/^ : n - = 9 : 1 

*^ybm:l&IfcM 1^1 

^m^& : 1 (6« y >-g£n?kf p^ (f p^MHHH (W) *±M) Sr^y-/w 
i-J;<97%?§»U i^^/^®^b^^y^^/vyw-b^i*bApf^bT^$ 

^Jfe^il 9 

[0062] ^^ti^^dr^^^.r^a^^^SjfeDERA^i^^MJte^T/^tK^TirhT/V 

y^n/^j.^. 7-3zn^7^ ft 35DERA 400^8(0. 04U)£, lOOmM 
-^Nal»I(pH5. 5), lOOmM T±bT/^T^b\ lOOmM 

[0063] ^j^M^ULTRAFREE-MC^^/V^— (Milliporeft:®*) £ffiV ^dtii^S^^ 
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[0064] S^^^b/'^Jte^T/^7 ^ tK(Di--<T^ov^-c, T-^YT/vf^YtfDT/vY— ;v 

[0065] ^KO^^fe^fflV>^^«0|^'|4a^^S5f5i-^DERA«, 
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[1] lOOmMcD^nnT-fehT/^tK^-a-^i-STK^^, 25 t C-C30#Hfl*Q ! aU5:^<D 
[2] ff^iIlfE*fe(^D-2-^=3r^y^— ^-5-y^T/VK7— if ^TfE<Z) (1) l£fcte (2 

(1) ge^j#^-i*fctt@s^j#^-2t^$^cT^y^ie^j^i-§ 0 

(2) Be?ij#^-i^fc«iB^j#^-2fEic(DT5y^is^j(D, i&v ^uihs^t^/^^: 

(2) •&tcte-mj$: (3) T^£^>ffc^T*fc!9, T/VK-/l^^JS£i2rT#e> 
^JSi~^*#:^2^PLfcT/^tK^^^^tL^-^(4), — 
(5) ^fcfct— (6) T^^^T/V^tKlb^T^, ft ^JR2fES^M^^ 

^i~o )o 




(1) 




(2) 
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R 3 

(3) 

am 




R 3 

(6) 

fcK^tHe/HBclc^U D-2-^-3rvW— €£0. 1U/ 
mmol^i:80U/mmol^T<^*iJ^fflV>T(lUte, 25 < C"Cl^^^:t)l m mol 
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[8] ft^illfEife(DD-2-^^>y^-^-5-y^T/VK9-if fl*TfB© (1) *fcfi (2 
[9] ^*#C^2^^6(Dgm*fc«#«^IJte*T/^tK{b^^-^(l) -C^ 

R w ^CHO 




(1) 



Wb8] 
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OH 

(7) 

[10] (1) X^tl%fc&MbT^hT/^Kh*<D&$Y*r^mz.ttU 

y^f— ^T/WK9— ^SrO. lU/mmol^±120U/mmol^T<^S'J^"e 
fflV^tdUtt, 25°C^l^rHl^fc<91 J umol(D|lD-2-^^y^— 
D-^yir/VT/V^tK-3-y^^^TirhT/V^tK^^-r^^**^i-)SJ^$ 

[11] —^£(1) "C^$4x5^^d^ TirhT/l^fcK ^nnTirhT/V^tK ^y=— /V 
9*fch\ -^n^ir^T/V^tK, =>>^gH^T/V"5*fch\ Tv^V^-fc^T/^fcK;^ 
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